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Introduction
International trade dynamics have received relatively little attention in the existing empirical literature. It seems likely that this re ects the fact that, until recently, most international trade models were framed in a static world. This paper undertakes an empirical analysis of the dynamics of patterns of international specialisation in the United Kingdom and Germany. A disaggregated data set is employed that provides information by sector on manufacturing exports to the 23 OECD economies and 15 trade partners for the period 1970 to 1993. Although the focus of the analysis is very much on the United Kingdom, Germany is considered as a comparator country at a similar level of industrial development.
A measure of the extent of specialisation in an individual manufacturing sector is presented based on Balassa 1965's concept of Revealed Comparative Advantage RCA. An economy's pattern of international specialisation at any one point in time may b e c haracterised in terms of the cross-section distribution of RCA over manufacturing sectors, while international trade dynamics correspond to the evolution of this distribution over time. A numb e r o f i n teresting questions relating to the pattern of specialisation a t a p oint in time may b e addressed: for example, the degree to which each economy specialises in a limited range of industries and the identities of these industries. However, this framework also facilitates an analysis of a more interesting set of issues pertaining to international trade dynamics. First, we examine how the degree of international specialisation has changed over time how the external shape of the distribution has changed over time. Second, we consider the extent to which initial patterns of international specialisation either persist or exhibit mobility over time a question of intra-distribution dynamics.
The objective of this paper is to present a framework within which it is possible to address these kinds of questions, while at the same time imposing as little theoretical structure on the data as possible. International specialisation is measured using actual trade data and its evolution over time characterised using techniques for modelling distribution dynamics, that have t ypically been employed in the economics literature to model income dynamics see in particular Quah 1993 Quah , 1996a Quah and 1996c . In this paper, we wish to characterise patterns of international specialisation and their evolution over time, without making any assumptions as to what is determining these phenomena. Nonetheless, the empirical analysis of trade dynamics is very much motivated by the recent theoretical literature on endogenous growth and international trade. This literature emphasises that comparative advantage is both endogenously determined by the history of technological change and endogenously determines current rates of innovation see for example Grossman and Helpman 1991 and Redding 1996 . Furthermore, the literature identi es a number of forces that militate towards either persistence or mobility in patterns of international trade.
Hence, Section 2 begins with a simple theoretical model of international trade dynamics. The past history of technological change interacts with the current pattern of international specialisation to determine endogenously rates of productivity growth and the evolution of international specialisation over time. Sector-speci c learning by doing engenders persistence, while technology transfer is a force for mobility. In addition, variation across sectors in an exogenous source of productivity growth may militate towards either persistence or mobility, depending upon the correlation between the exogenous sources of productivity growth and the initial pattern of international specialisation.
Section 3 introduces a measure of the extent o f i n ternational specialisation based on Balassa 1965's concept of Revealed Comparative Advantage RCA. The pattern of international specialisation at any one point in time is characterised in terms of a distribution of RCA across manufacturing sectors. Section 4 models the dynamics of patterns of international specialisation formally in terms of the evolution of this distribution over time. Indices of the degree of mobility in patterns of RCA in the United Kingdom and Germany are presented, and the extent of mobility in the United Kingdom and Germany compared. Finally, Section 5 concludes.
Theoretical framework
In order to motivate the empirical analysis that follows, this section presents a simple theoretical model of international trade dynamics. Static equilibrium is determined exactly as in the standard Ricardian model with a continuum of goods Dornbusch et al. 1977 . There are 8 two economies home and foreign and A ij denotes the productivity o f skilled labour in sector j of economy i 2 f H;Fg. An individual good j 2 0; n will be produced in home H if and only if the unit cost of producing that good in home is below or equal to that in foreign F, w H t w F t A Hj t
where w H and w F are the home and foreign wage rates respectively. Goods are indexed such that higher values of j correspond to lower levels of home productivity relative to foreign B j , and the right-hand side of 1 is illustrated diagrammatically b y the downward sloping curve in Figure 1 . All goods j j are produced in home and all goods j j are produced in foreign, wherej denotes the limit good such that home's relative w age is exactly equal to home productivity relative t o foreign's.
In static equilibrium, we require home's relative w age w H =w F to be consistent with the requirement that home income equals world expenditure on home goods or alternatively that trade is balanced. Under the assumption that instantaneous utility is a symmetric, CobbDouglas function of the consumption of each goodj with the elasticity of instantaneous utility with respect to the consumption of each good equal to , this condition may be expressed as, This standard Ricardian model is then augmented with a specication of the dynamics of productivity A ij in each sector j of economy i. A wide range of empirical evidence suggests that both learning by doing and technology transfer are important determinants of rates of productivity growth see for example Lucas 1993 and Coe and Helpman 1995 The dynamics of international trade patterns are fully characterised by the static equilibrium conditions 1 and 2, and the speci cation of productivity growth in equations 3 and 4. Learning by doing is a force towards persistence in initial patterns of comparative advantage and international specialisation, while technology transfer militates towards mobility. V ariation in the exogenous rates of productivity growth across sectors may engender persistence or mobility. Whether actual patterns of international trade are characterised by persistence or mobility will depend upon the net e ect of these three forces.
To make this clearer, suppose for example that there is a common rate of exogenous technological change across all sectors and economies ij = Fj = for all i; j and no international knowledge spillovers = 0. Static equilibrium at time t implies that home will specialise completely in the production of the range of goods j 2 0;j and foreign in goods j 2 j;n . That is, in home, L j t 0 for j 2 0;j and L j t = 0 f o r j 2 j;n ; while in foreign L j t = 0 f o r j 2 0;j and L j t 0 for j 2 j;n . Hence, from 3 and the parameter restrictions imposed above, home and foreign will only enjoy productivity growth in the sectors in which they initially specialise. In this case, initial patterns of international specialisation persist and will become increasingly locked i n over time as in Krugman 1987 . Technology transfer 0 and variations in exogenous rates of productivity growth ij across sectors economies both provide reasons why an economy might enjoy more rapid productivity growth than its trade partner in sectors in which it does not initially specialise. In this case, in contrast to Krugman 1987 , initial patterns of comparative advantage and international specialisation may b e reversed over time, so that patterns of international specialisation exhibit mobility instead.
Revealed Comparative Advantage
With the theoretical analysis of the previous section as motivation, the remainder of this paper turns to an empirical analysis of international trade dynamics. In this empirical analysis, we seek to characterise the extent o f mobility or persistence in patterns of international specialisation. This characterisation may b e a c hieved by directly examining data on trade ows: we employ an index of international specialisation that follows Balassa 1965 and that is termed Revealed Comparative Advantage denoted by RCA T . An economy i's RCA T in sector j is given by the ratio of its share of exports in sector j to its share of total exports in all sectors,
where Z ij denotes the value of economy i's exports in sector j. A v alue of RCA T ij above unity indicates an industry in which country i's share of exports exceeds its share of total exports: that is, an industry in which country i specialises. Revealed Comparative Advantage yields information about the pattern of international specialisation insofar as it evaluates an economy's export share in an individual sector relative to some benchmark here the economy's share of total exports, re ected in the T for`total' superscript in equation 5. However, at the same time, it su ers from the disadvantage that the mean value of RCA T is not necessarily equal to one. Speci cally, the numerator in equation 5 is unweighted by the proportion of total exports accounted for by a given sector while the denominator is e ectively a weighted average of export shares in all manufacturing sectors. Hence, if an economy's pattern of trade is characterised by high export shares in a few sectors each of which accounts for a small share of total world exports as is generally true for small economies, then the economy will be characterised by high values for the numerator and low v alues for the denominator in equation 5 and a mean RCA T of above one. Furthermore, mean values of RCA T may c hange over time so that, as measured by RCA T , a n economy exhibits changes in its average extent of specialisation.
However, in any empirical analysis of the change in patterns of international specialisation across individual sectors, one wishes to abstract from variation in an economy's average extent of specialisation. Therefore, this paper proposes an alternative measure of Revealed Comparative Advantage, RCA M , in which an economy's export share in a given sector is evaluated relative to a di erent benchmark, namely its average export share in all manufacturing sectors. In sector j of 2 A simple example will make this clear: suppose that there are two economies England and France and two goods beer and wine. The total value of England's exports is $500 $400 Beer and $100 Wine and the total value of France's is $10,100 $100 Beer and $10,000 Wine. It is straighforwardto show that England's mean RCA is considerably above one it is in fact 8.59 and France's considerably below one it is in fact 0.63. 13 economy i, RCA M ij is thus,
where the superscript M re ects the normalisation by mean export share. By construction, the mean value of RCA M is constant and equal to one.
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Throughout the remainder of this paper, Revealed Comparative Advantage is measured by RCA M , as de ned in equation 6, and, to save notation, we omit the superscript.
RCA constitutes an index of international specialisation in so far as an economy's export share in an individual sector is evaluated relative to the benchmark of the average share in all manufacturing sectors. An economy's pattern of international specialisation may be represented in terms of a distribution of RCA across sectors, with values of RCA above one denoting sectors in which an economy specialises. Analysing this distribution at any one point in time yields information about the current pattern of specialisation: in which sectors an economy s p ecialises in and to what extent. Examining the evolution of the entire cross-section distribution over time provides information concerning the dynamics of patterns of international specialisation. On the one hand, issues such as whether initial patterns of specialisation persist or exhibit mobility over time correspond to questions of intra-distribution dynamics: whether a sector for example moves from the lower to the upper quartile of the RCA distribution. On the other hand, changes in the overall degree of international specialisation relate to the evolution of the external shape of the distribution over time: whether the distribution of RCA polarises into two extremes or tends to remain roughly uniformly distributed across industries.
The data source for the empirical analysis is the OECD's Bilateral Trade Database BTD, which provides consistent information on 3 It is straightforward to show that RCA M ij = RCA T ij = 1 N P j RCA T ij , so that an alternative i n terpretation of the present analysis is that, at each point in time, we normalise Balassa's measure of Revealed Comparative Advantage RCA T by its cross-sectional mean in order to abstract from the changes in the average extent o f specialisation that this measure is subject to.
exports to the OECD and 15 trade partners for 22 manufacturing industries for the period 1970 to 1993. 5 We begin by c haracterising the distribution of RCA at any one point in time in each of the two economies. Each economy's export share in a given sector is evaluated relative to its own average export share in all manufacturing industries. 6 Since we are primarily concerned with long-run changes in the pattern of international specialisation and wish to abstract from short-run uctuations, the data are presented in the form of ve-year averages. The United Kingdom's and Germany's patterns of RCA show some similarities, although there are also important di erences. Table B also makes clear that industries in which an economy has an RCA change quite considerably over time. On the one hand, between the periods 1970 to 1974 and 1990 to 1993, the United Kingdom lost its RCA in Electrical machinery, Non-electrical machinery, F abricated metal products and Non-ferrous Metals. On the other hand, the United Kingdom gained an RCA in Industrial Chemicals and Communication 5 See the Appendix for further details concerning the data. 6 As a result, one has to be careful when making direct comparisons of absolute values of RCA across economies. Suppose for example that the value of RCA in a particular sector in Germany exceeds the corresponding value in the United Kingdom. All that this tells one is that the ratio of the export share in that industry to the economy's own average export share in all manufacturing industries is higher in Germany than in the United Kingdom. RCA is informative because one can compare values across industries within an economy, with values of RCA greater than one denoting an industry in which an economy specialises. Examining the location of industries within an economy's own distribution of RCA informs about the economy's pattern of international specialisation. Comparing locations within distributions across economies, one acquires information about di erences in the pattern of international specialisation. Analysing the evolution of each economy's distribution of RCA and movements in the location of industries within this distribution, one can then make statements about the dynamics of patterns of international specialisation and how these di er across economies.
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In contrast, between the periods 1970 to 1974 and 1990 to 1993, Germany lost its RCA in a single industry Computers, and gained an RCA in only one industry Textiles and Footwear. 7 In the period 1985 to 1989 but not 1990 to 1993, the United Kingdom acquires an RCA in Shipbuilding. This is explained by a temporary rise in the United Kingdom's exports in the`secrets' category of the shipbuilding sub-sector`ships, boats including hovercraft and oating structures' ISIC 793 for the years 1986 to 1990. This category includes`warships of all kinds' and it is plausible that the United Kingdom's RCA in shipbuildingover this period re ects the large role played by g o vernment i n tervention in this sector. For this reason, the shipbuilding sector is excluded from the sample in the econometric analysis that follows. Nevertheless, all the empirical results that follow are not sensitive to its inclusion. 1970-1974 1975-1979 1980-1984 1985-1989 1990-1993 Figures 2 to 6 characterise the evolution of the United Kingdom's pattern of international specialisation over time, an analysis that will be undertaken more formally in Section 4. In Figure 2 , industries are ordered in terms of increasing RCA for the 1970 to 1974 period and the cross-section distribution of RCA for this time period graphed. In Figures 3, 4 , 5 and 6, the same ordering of industries is preserved and the distribution of RCA plotted for the periods 1975 to 1979, 1980 to 1984, 1985 to 1989 and 1990 to 1993 respectively. T ogether, these Figures yield information concerning intra-distribution dynamics: if Revealed Comparative Advantage in the United Kingdom were characterised by substantial persistence, one would expect the distribution to look very much the same across successive time periods. Alternatively, if the United Kingdom were increasingly specialising in a subset of industries, one would expect to observe RCA systematically increasing and decreasing in certain sectors. In fact, what one appears to observe i s considerable mobility in the United Kingdom's pattern of international specialisation, as evidenced by a comparison of Figures 2 and 6. This conclusion is supported by the again informal evidence in Table B Similar graphical tools may be employed to characterise the evolution of the external shape of the distribution of Revealed Comparative Advantage. Figure 7 re-orders industries in the United Kingdom in terms of increasing RCA in the period 1990 to 1993 and plots the resulting cross-section distribution of RCA. Comparing Figures 2 and  7 , it is clear that there is no systematic tendency for the United Kingdom to specialise increasingly in a limited subset of industries and the same is true for Germany. O v er the sample period from Table A , both economies experienced a decline in the dispersion of RCA as measured by the sample standard deviation, which, in itself, is suggestive of a decline in the extent of specialisation. In each of the sample sub-periods, the sample standard deviation is higher in the United Kingdom than in Germany, suggesting that the degree of specialisation is greater in the former than in the latter, exactly as one would expect given that the United Kingdom is the smaller economy. t+s = P t+s,1 ; 0 = P P t+s,2 ; 0; 0 . . . = P P P : : : P t ; 0; 0 : : : 0; 0 = P s t 8
If the space of possible values of RCA is divided into a number of distinct, discrete cells, P becomes a stochastic matrix which m a y b e estimated by counting the number of transitions out of and into each cell. 8 The output of this estimation process is a matrix P of transition probabilities p kl , where p kl denotes the probability that a sector moves from cell k to cell l. As a result, one is able to characterise the extent of mobility b e t ween di erent segments of the RCA distribution. Furthermore, by taking the limit s ! 1 in equation 8, one may obtain the implied ergodic RCA distribution. The latter provides information concerning the evolution of the external shape of the RCA distribution: whether, for example, the United Kingdom's pattern of international trade is polarising into two sets of sectors in which the economy exhibits increasing and decreasing specialisation or instead tends to remain roughly uniformly distributed around its mean value.
All empirical estimation was undertaken using Danny Quah's TSRF econometrics package, 9 and, in each case, the boundaries between cells were chosen such that industry-year observations are divided roughly equally between the grid cells. Table C presents estimates of the annual probability of transiting between di erent grid cells of the United Kingdom's distribution of RCA and Table D presents the corresponding estimates for Germany. In each case, the shipbuilding industry is excluded from the analysis as an outlier.
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The interpretation of these tables is as follows. The numbers in parentheses in the rst column are the total number of industry-year observations beginning in a particular cell, while the rst row o f n um-bers denotes the upper endpoint of the corresponding grid cell. Thereafter each r o w denotes the estimated probability of passing from one state into another. For example, the second row o f n umbers presents reading across from the second to the fth column the probability o f remaining in the lowest RCA state and then the probability o f m o ving into the lower intermediate, higher intermediate and highest RCA states successively. The nal row of the upper section of each T able gives the implied ergodic distribution, while, in the lower section of each T able, the one-year transition matrix is iterated ve times. Estimated values of transition probabilities close to one along the diagonal are indicative of persistence in either the United Kingdom or Germany's pattern of RCA, while large o -diagonal terms imply greater mobility. The results of both Tables C and D suggest a relatively high degree of mobility in patterns of international specialisation in both countries: a nding that is consistent with the visual evidence presented earlier. For example, in the United Kingdom the probability o f m o ving out of one grid cell after one year ranges from 8-28. Iterating the one-year transition matrix ve times, this result is brought out more strongly: the probability of remaining in the same cell over the veyear period ranges from 69 to only 35. The results for Germany are broadly similar, although the matrix of transition probabilities is generally characterised by larger diagonal terms and smaller o -diagonal entries, suggesting that the United Kingdom's pattern of international specialisation is characterised by greater mobility than Germany's.
In order to consider this latter hypothesis more formally, T able E calculates a variety of indices of mobility following Shorrocks 1978 , Geweke, Marshall and Zarkin 1986 and Quah 1996b for the United Kingdom and Germany. Each of these indices attempts to reduce information about mobility from the matrix of transition probabilities P to a single statistic. Thus, M 1 evaluates the trace tr of the matrix, M 4 analyses the determinant det, M 3 and M 5 are based on the eigenvalues j of the matrix, while M 2 presents information on the average number of class boundaries crossed by an individual originally in state k weighted by the corresponding proportions k of the ergodic distribution. In each case, the mobility index for the United Kingdom exceeds that for Germany. While these empirical results constitute suggestive evidence that the United Kingdom's pattern of international specialisation is more mobile than Germany's, it would be useful to obtain information concerning the statistical signi cance of these ndings. In this regard, we make use of the results relating to the asymptotic properties of rstorder Markov Chains in Anderson and Goodman 1957 . Nonetheless, suppose that we adopt as the null the hypothesis that the Data Generating Process DGP underlying the United Kingdom's pattern of Revealed Comparative Advantage is the estimated matrix of German transition probabilities. 1978 and Geweke et al. 1986. 12 To test this hypothesis, one would need to impose a theoreticalprior concerning the process determining the evolution of Revealed Comparative Advantage since the variance of each set of estimates will be a function of this prior. This is precisely something that we wish to avoid at this stage of the analysis: we wish to characterise the dynamics of international specialisation without imposing any theoretical restrictions on the data.
We m a y then test whether the transition probabilities estimated for the United Kingdom are or are not statistically signi cantly di erent from those of the null p UK kl = p G kl . Similarly, for Germany, one may test whether the estimated transition probabilities are statistically signi cantly di erent from the null that the DGP is the UK matrix of transition probabilities p G kl = p UK kl .
These tests may be undertaken for each state k = 1 ; :::; m. F urthermore, since the transition probabilities are independently distributed across states k, w e m a y sum over states in 9 and test the hypothesis that, for all states k = 1 ; :::; m, the estimated transition probabilities are equal to those under null. The resulting test statistic is asymptotically distributed 2 mm , 1. Implementing this test for each o f the two h ypothesis outlined above, the null is rejected at both the 95 and 99 con dence level.
Thus, the empirical analysis of this section has sought t o c haracterise the degree of persistence and mobility in patterns of international specialisation in the United Kingdom and Germany o ver the period 1970 to 1993. The degree of mobility estimated in the United Kingdom was found to exceed that in Germany. Although it was not possible to test directly whether the estimated transition probabilities were statistically signi cantly di erent, it was possible to test a related hypothesis. Namely, for each country, w e tested whether the estimated transition probabilities were statistically signi cantly di erent from the null that they were generated by a DGP characterised by the other country's estimated matrix of transition probabilities. In each case, the null was rejected at the 99 con dence level.
In order to test the robustness of these results, the matrix of transition probabilities was re-estimated in two w ays. First, the space of values of RCA was divided into ve cells rather than four and, second, the transition probabilities were estimated allowing transitions to occur over ve-year rather than one-year periods. The probabilities estimated over ve-year transition periods do di er from the one-year transition probabilities iterated ve times, suggesting that the evolution of RCA is not fully characterised by a rst-order, time homogenous model. Nonetheless, in both cases, the results suggested a broadly similar interpretation to that given above and, in particular, the nding that the United Kingdom's pattern of international specialisation is characterised by greater mobility w as preserved.
In each of the two countries, the implied ergodic distribution of RCA in Tables C and D is approximately uniform and there is no evidence that the pattern of specialisation is polarising into two sets of sectors where an economy i s c haracterised by systematically increasing and decreasing degrees of specialisation.
Conclusion
International trade dynamics have received relatively little attention in the existing empirical literature. This paper is concerned with the evolution of international specialisation across 22 manufacturing industries in the United Kingdom and Germany o ver the period 1970 to 1993. Although the paper is largely empirical, the analysis is motivated with a simple theoretical model of international trade and endogenous growth. Sector-speci c learning by doing is a force towards persistence in patterns of international trade, while technology transfer engenders mobility. V ariations in exogenous rates of productivity growth across sectors may be responsible for either persistence or mobility. Whether actual patterns of international trade exhibit persistence or mobility will depend upon the net outcome of these and possibly other forces. The empirical analysis in this paper seeks to characterise the extent of persistence and mobility in UK and German patterns of international trade, leaving the explanation of observed trade dynamics in terms of, for example, learning by doing and technology transfer to further work.
An empirical measure of the extent o f i n ternational specialisation in individual manufacturing sectors was presented, based upon Balassa 1965's concept of RCA. The dynamics of international specialisation were then modelled in terms of the evolution of the entire cross-section distribution of RCA. Instead of exhibiting persistence, international trade patterns were found to be characterised by a surprising degree of mobility. The degree of mobility in the United Kingdom as measured by formal indices of mobility was found to exceed that observed in Germany. In neither economy w as there evidence of an increase in the degree of specialisation over the sample period.
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6 Appendix: data The data source for the indices of Revealed Comparative Advantage is the OECD's Bilateral Trade Database BTD. This provides information on the value of exports and imports between the 23 OECD countries and 15 partner economies. The partner countries are: Argentina, Brazil, China, Czech and Slovak Republics, Hong Kong, Hungary, India, Indonesia, Malaysia, Mexico, Philippines, Singapore, Korea South, Taiwan and Thailand. Although OECD imports from and OECD exports to these partner countries are included in the database, trade entirely outside the OECD area eg from one partner country to another is not. The OECD estimates that 90-95 of world trade in goods is included in the database.
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